Objective: To present practice patterns for phenol neurolysis procedures conducted for spasticity management. Design: A retrospective review of 185 persons with spasticity who underwent phenol neurolysis procedures (n = 293) at an academic rehabilitation hospital and clinic. Patient demographics, concomitant spasticity treatments, and procedure relevant information were collected. Results: The cohort included 71.9% males and 61.6% inpatient procedures. Neurological diagnoses included stroke (41.0%), traumatic brain injury (28.6%) and spinal cord injury (24.3%). Musculoskeletal diagnoses included spastic hemiplegia or paresis (51.3%), tetraplegia (38.4) and paraplegia (9.2%). At the time of phenol neurolysis, most patients (77.5%) received concomitant pharmacological treatments for spasticity. Injection guidance modalities included electrical stimulation and ultrasound (69.3%) or ultrasound only (27.3%). A mean of 3.48 ml of phenol were injected per nerve and 10.95 ml of phenol were used per procedure. Most commonly injected nerves included the obturator nerve (35.8%) and sciatic branches to the hamstrings and adductor magnus (27.0%). Post-phenol neurolysis assessment was recorded in 54.9% of encounters, in which 84.5% reported subjective benefit. Post-procedure adverse events included pain (4.0%), swelling and inflammation (2.7%), dysaesthesia (0.7%) and hypotension (0.7%). Conclusion: Phenol neurolysis is currently used to reduce spasticity for various functional goals, including preventing contractures and improving gait. Depending on the pattern of spasticity displayed, numerous peripheral nerves in the upper and lower extremities can be targeted for treatment with phenol neurolysis. Further research into its role in spasticity management, including studies exploring its cost-effectiveness and pharmacological and sideeffects compared with other treatment options are needed.
C
haracterized by hyperexcitable stretch reflexes that increase muscle tonicity and exaggerate tendon jerks, spasticity is a common motor disorder that follows a variety of central nervous system insults (1) . Implicated neurological insults most often include stroke, traumatic brain injury (TBI) or spinal cord injury (SCI). Spasticity is often associated with various complications including joint contractures, muscle shortening and postural deformities (1) that lead to multiple impairments. Early goal-directed spasticity management is instrumental in helping increase the likelihood of good outcomes and limiting complications (1, 2) . Unfortunately, a lack of universally standardized management and an abundance of therapeutic options make spasticity management a challenging task.
Currently, spasticity is frequently managed through a combination of therapeutic modalities, pharmaceutical options and surgical procedures (3) . Pharmaceutical options include medications delivered orally, via local injections, or through intrathecal pumps. Oral medications, including baclofen and tizanidine, help decrease spasticity (3) . However, systemic side-effects, such as generalized muscle weakness, sedation, confusion, and hypotension, preclude the use of higher dosages that might be warranted for control of moderate-to-severe spasticity (3, 4) . Intrathecal baclofen pump (ITB) is often indicated in treating severe and/or diffuse spasticity as a means to deliver high-dosage baclofen with less concern for systemic side-effects (4) . Although ITB treatment is very effective, numerous complications and the requirement for commitment to maintenance associated with this treatment makes it favourable only for some patients with severe spasticity (4, 5) .
Chemoneurolysis via localized injections can help provide focal spasticity relief (1, 3, 6) . In addition, the use of single-event multi-level chemoneurolysis helps treat several areas of muscle spasticity, each with varying severities (7) . Medications used in chemo neurolysis procedures include botulinum neurotoxin (BoNT), phenol, and alcohol neurolysis (3) (4) (5) (6) (7) . Compared with phenol and the understudied alcohol neurolysis, BoNT usage in treating spasticity is documented extensively in the literature with regards to pharmacodynamics, adverse effects and clinical benefits (7) (8) (9) . However, the response to chemodenervation with BoNT often requires 3-5 days to generate modalities, nerves targeted, dosages used, reported subjective benefit, and adverse effects were included. Data for aforementioned variables were gathered from procedure notes and physician progress notes in the inpatient setting and clinic notes in the outpatient setting. Demographic variables collected include age, sex, body mass index (BMI), treatment setting, and source of insurance funding. Concomitant treatments included other anti-spasticity treatments that were concurrently being used at the time of PN; those treatments that were discontinued > 1 week before the procedure were not considered. Clinical rationale, guidance modalities, nerves targeted and dosages were obtained from procedure notes. PN treatment outcomes were based on medical record entries reported by physicians, patients or caregivers. Adverse effects listed include any untoward reactions, but special attention was paid to prolonged pain, injection site inflammation, dysaesthesia, and/or hypotension, which are known side-effects of PN. Monitoring for these adverse effects occurred on a daily basis for inpatient procedures. Those patients receiving PN in the outpatient setting would have reported any adverse effects as they were actively invited to contact the physician and/or the clinic with any post-procedural concerns.
RESULTS

Demographics
Demographic data for the 185 patients who met inclusion criteria for our study are shown in Table I . A majority of the patients were middle-aged, male, with normal range BMI, privately funded, and treated in the inpatient setting.
Diagnoses, indications, and concomitant treatments
As depicted in Table II , a majority of patients had a neurological diagnosis of stroke. Collectively, stroke, TBI and SCI accounted for 94.05% of all patients; a small portion of our selected patients were diagnosed with anoxic brain injury, multiple sclerosis, or a brain neoplasm. Three subjects had more than one diagnosis. Approximately 90% of subjects had impairment listed as spastic hemiplegia, paresis, or tetraplegia; the remainder had paraplegia, limb dystonia, abnormal involuntary movement spastic monoplegia or monoparesis. A few (n = 7) had more than one impairment reported. spasticity benefit, which generally lasts approximately 3 months. Although clinical standards permit repeating chemodenervation every 3 months, the majority of patients with spasticity prefer an increased frequency for maintaining clinical benefit (10) (11) (12) . BoNT injections are associated with significant costs, and repeated injections are often further restricted by financial feasibility. In the USA, depending on the insurance being used, the approved dosage of BoNT is only 400-600 units of every 3 months. These limitations prevent the sole utility of chemodenervation for a multi-pattern treatment, e.g. elbow flexion, clenched fist, stiff knee gait, and equinovarus of the foot. Consequently, phenol neurolysis (PN) and BoNT are used in complement, with PN frequently reserved for proximal nerves and BoNT used for distal musculature.
In contrast, PN produces an almost-immediate effect that manifests within minutes of injection, which may last as long as 6 months depending on the dosage used (1, 13) . In addition, PN is significantly less expensive. PN may also be re-injected before 3 months, unlike BoNT. However, the safety and efficacy of PN is lesscommonly documented in the literature than BoNT chemodenervation. PN also requires a higher level of expertise to administer, and has a worse side-effect profile, which includes hypotension, prolonged pain, dysaesthesias, site inflammation, and joint fibrosis (1, 13, 14) . These disadvantages for phenol usage are associated with safety concerns relative to neurotoxins, thus making BoNT a vastly more popular option for chemoneurolysis. Phenol is therefore being used increasingly less in the USA and is poorly documented in the spasticity literature. Given its advantages, PN may be superior to chemodenervation with BoNT in certain clinical scenarios. Thus, the primary purpose of the current study is to describe the utilization pattern of PN at a single site.
METHODS
Study design
This was a single-institution retrospective cohort study design. Data was compiled from 185 patients with spasticity, who collectively underwent 293 total PN procedures over a 3-year period at a free-standing rehabilitation hospital affiliated with a medical school. The study was approved by the University of Texas Health Sciences Center at Houston Committee for the Protection of Human Subjects.
Clinical parameters
All patients who underwent PN for spasticity management at least once from January 2013 through December 2015, and had documentation of all demographic variables, diagnoses, other concurrent spasticity treatments, clinical rationale, guidance Almost all procedures had numerous indications for PN, the most common being "decrease spasms", "increase joint range of motion", "prevent contractures", and "improve positioning," collectively accounting for more than 90% of all procedures (Table III) . The least common indications reported included "improve gait" (n = 110, 37.54%) and "decrease clonus" (n = 23, 7.85%).
In this review, it was found that physical therapy, occupational therapy, or at-home exercises were prescribed and/or encouraged in all patients. While a minority of patients at the time of neurolysis (n = 68, 23.20%) did not receive additional spasmolytic treatments, most patients (n = 225, 76.80%) received ≥ 1 pharmaceutical modality (Table II) . The most commonly used concomitant treatments included chemodenervation with BoNT (n = 140, 47.78%) and oral baclofen (n = 105, 35.84%).
Procedure variables
The majority of PN treatments during the study period (n = 289, 98.6%) were performed by 3 physicians, who had received training on PN at the same institution and, collectively, had 31 years of experience with PN. The injector experience ranged from 3 to 20 years. Most procedures (n = 203, 69.28%) used both ultrasound imaging (US) and electrical stimulation (EStim) guidance to identify target nerves (Table IV) . The only phenol preparation used was aqueous, 6%. The dosage used per nerve ranged from 0.75 to 18.00 ml, while total dosage per procedure ranged from 1.0 to www.medicaljournals.se/jrm subjective benefit attributed to PN was endorsed in a majority of cases (n = 136, 84.47%) (Table VI) . Most procedures (n = 279, 95.22%) were not associated with any adverse effects (Table VI) . However, patients in 14 procedures reported an adverse effect. The most commonly reported adverse events were pain (4.10%) and inflammation (2.73%), while dysaesthesia (0.68%) and hypotension (0.68%) were rarely reported. As shown in Table VII , most of the procedures with adverse effects involved PN to the tibial and femoral nerves. Overall, dysaesthesia followed PN to the tibial, femoral and obturator nerves only.
DISCUSSION
The aim of this study was to provide a description of PN clinical practice patterns in a single setting. Although limited to one institution, this study provides useful and comprehensive information, owing to a large cohort of patients (n = 185) and total procedures (n = 293). Moreover, this study is among the first to provide an extensive profile for numerous procedure variables in PN that are rarely mentioned in the spasticity literature.
Patient demographics, distribution and indications issues
As shown in Table II , the prevalence of stroke, TBI and SCI in our patient population was consistent with the diagnostic mix at our institution, which specializes in adult neurorehabilitation. The pattern we report may be unique to this diagnostic mix and our setting. Overall, the majority of our patients, being middle-aged and 30.00 ml. Overall, there were some slight differences in total phenol dosage used with regards to injection guidance. It was notable that procedures with US and EStim guidance used the highest total phenol dosage on average. Multiple nerves were injected for synergistic spastic patterns, e.g. PN of the musculocutaneous and pectoral nerves to address spasticity in the shoulder adductors and elbow flexors. Approximately half of all procedures (49.83%) involved upper extremity nerves, while almost all procedures (90.10%) involved lower extremity nerves ( Table V) . The most commonly injected nerves in the upper extremity included the musculocutaneous, pectoral lateral, and pectoral medial nerves. The most commonly injected nerves in the lower extremity included the sciatic, tibial, obturator and femoral nerves. Mean phenol dose per nerve across all upper extremity nerves was limited, ranging from 1.96 to 3.34 ml. In contrast, the similar range amongst the lower extremity nerves was far greater, with means from 1.25 to 6.24 ml. Larger lower extremity nerves, such as the obturator, sciatic, femoral and tibial nerves, were injected more commonly and received larger doses and ranges of doses than did smaller nerves. Similar trends were not appreciated in upper extremity nerves, including the musculocutaneous, radial and median nerves.
Subjective benefit and adverse effects
Detailed pre-and post-injection evaluation was not documented, either by physicians or therapists. However, adverse effects and, sometimes, subjective benefits, were commonly reported. Subjective benefit, or lack of benefit, was reported in only approximately half of all procedures (n = 161, 54.95%). In these procedures, male, are consistent with the epidemiology of TBI, stroke and SCI (15) (16) . PN is currently used to reduce spasticity for various outcome goals, from improving gait to decreasing risk of developing contractures. The majority of clinical indications in this study were to "decrease spasms", "increase joint range of motion", "prevent contractures" and "improve positioning" (these indications were cited in > 90 of precedures, Table III ). Since PN produces almost-immediate effects for these indications and goals, PN may allow more time for inpatient therapies, compared with the BoNT chemodenervation effect, which peaks approximately 3 weeks post-injection. We believe that early usage of PN, in combination with the aforementioned inpatient therapies, will optimize the possible spasticity benefit and help propagate chronic neuromuscular recovery overall. It is therefore suggested that the use of PN could be emphasized more in inpatient settings. However, judicious and prudent use of PN is advised in the setting of potential and spontaneous neurological recovery in the acute/subacute phase.
The results of the current study show that the majority of PN procedures were conducted in the inpatient setting (n = 114, 61.60%) compared with the outpatient setting. This disparity towards inpatient procedures may also be justified by insurance reimbursements (17) , which are more easily processed for PN in the inpatient setting. The cost-effectiveness of chemoneurolysis for spasticity management has yet to be fully established (1, 3). Significant data exploring the benefits of PN are largely lacking. Future studies comparing PN with other therapies, such as chemodenervation with BoNT, with regards to injection timing, procedural parameters, and standard outcomes are necessary.
Procedure parameters: injection guidance, safety, phenol dosage, targeted nerves and side-effects
Ensuring the safety of PN procedures is often a clinical challenge, and sometimes is a limiting factor in pursuing this treatment (1, 3), compared with chemodenervation with BoNT. During chemodenervation with BoNT, needle placement is localized intramuscularly. In contrast, PN requires accurate needle placement to the target nerves to maximize efficacy. Due to anatomical proximity, PN is often associated with increased risks of damaging surrounding vasculature and untargeted nerves (18) (19) (20) (21) .
Different modalities are used to guide PN nerve blocks, including EStim and US. EStim of the target nerves, which causes contraction of the innervated muscles, can provide localization of needle placement over manual needle placement. However, its use independently for nerve localization is poorly documented, particularly for the purposes of PN (22) (23) (24) . At our institution, 1 of 2 EStim devices, Clavis (Natus Medical Inc., San Carlos, CA, USA) or Myoguide (Inotronix Technologies, Bolton, ON, Canada), were used to guide the placement of a 23-27-gauge needle. EStim intensity, which is scenario-dependent and not recorded, ranged from 1 to 4 mA and the stimulus duration was 0.1 ms.
In contrast, US provides direct visualization of target nerves, thus increasing the safety of needle placement with minimal subjectivity. Using US guidance in chemoneurolysis has been evidenced to be more beneficial than EStim alone with regards to needle placement complications, notably in minimizing vascular involvement in anaesthetic studies (25, 26) . Interestingly, the concurrent usage of US and EStim is suggested to be similar in efficacy to that of US alone (27) (28) (29) . Nevertheless, use of US and EStim together does not afford any increased risk and may provide some physicians with a secondary level of certainty. In this study, almost all procedures (n = 283, 96.59%) used US alone or in combination with EStim, while only a small minority used EStim alone (n = 10, 3.41%). Furthermore, with regards to guidance and safety, there were no appreciable associations between guidance modality used and adverse reactions, which were low.
It is known that phenol has a dose-dependent effect in spasticity benefit (3). Moreover, there is a general guideline regarding the maximum limit of phenol dose per procedure (30) . However, data regarding phenol dosage per procedure and per nerve and frequently injected nerves are lacking in the literature. In this study, detailed procedure parameters are reported (Table V) . These parameters, such as mean phenol dose per procedure and per nerve, may be valuable for practitioners. Furthermore, the range of phenol dose is also important to provide a reference when patients with different levels of severity of their condition are treated. For example, one patient received up to 18 ml phenol for one nerve to reach clinical goals. It is recommended that that the total volume of phenol administered to an adult in a single treatment session should not exceed 1 g (approximately 17 ml of 6% phenol) (30) . In the present study, it is reported that an adult patient received 30 ml in a single session without careful monitoring. It should also be reported that this patient tolerated the procedure well and with no adverse effects.
Adverse reactions specific to PN were lower in this study compared with others utilizing PN (9) . The authors reported that 30% of the patients in the phenol group (n = 10 subjects) developed dysaesthesia after the tibial nerve phenol block. In a recent Cochrane review study by Lindsay & Pandyan. (31) , adverse events of PN from this study and another by Kocabas et al. (32) involving phenol injection to the motor branches of tibial nerve were reviewed. It was reported that there was no significant difference between groups. It is known that the risk of phenol-specific side-effects, such as dysaesthesia, is relatively higher if distal mixed sensorimotor nerves are injected (30), e.g. neurolysis to upper extremity nerves, such as the median and radial nerves, and lower extremity nerves, such as the tibial nerve (3). This high rate of adverse effects (30%) is probably attributable to the fact that these nerves were (tibial nerve vs motor branch block) injected. Alternatively, it could be due to the sample size. Only 3 out of 10 subjects had this adverse event, while 293 procedures were reviewed. The majority of injected nerves were proximal nerves.
Study limitations
This study has several limitations, many of which are related to its retrospective nature. Because the reviewed cohort comprised patients from a free-standing rehabilitation hospital that focused on neurorehabilitation for adult patients, there was a unique diagnostic mix, including stroke, TBI and SCI. Thus, PN for spasticity management in other populations, such as cerebral palsy, is rarely performed at our facility.
A further limitation is the poor documentation of post-procedure spasticity assessment. Only half of procedures documented subjective outcomes, which suggested beneficial effects. This probably results from a lack of standardized clinical measurement of spasticity pre-and post-injection. This poor documentation may be associated with under-reporting of adverse events. For example, non-significant injection pain and post-injection pain may not be reported by patients or documented by the physicians or therapists. It may contribute to a under-reported rate of adverse events, though these were probably not clinically significant. Future research regarding PN in spasticity management should include quantitative assessment pre-and post-procedure to better characterize the benefit and adverse events of PN.
Conclusion
This study summarizes clinical data from a large cohort of patients (n = 185) and their collective PN procedures (n = 293) over a 3-year period from an academic institution. The results revealed that PN may be a useful treatment option for spasticity management in a variety of patients with a plethora of diagnoses. In addition, this extensive utilization of PN was shown to be associated with no serious procedure-related complications and only a small incidence of observed adverse effects.
